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Abstract
The long awaited baryonic B decay B
0 → pp¯ was recently observed by LHCb with a branching
fraction of order 10−8. All the earlier model predictions are too large compared with experiment.
In this work, we point out that for a given tree operator Oi, the contribution from its Fiertz
transformed operator, an effect often missed in the literature, tends to cancel the internal W -
emission amplitude induced from Oi. The wave function of low-lying baryons are symmetric in
momenta and the quark flavor with the same chirality, but antisymmetric in color indices. Using
these symmetry properties and the chiral structure of weak interactions, we find that half of the
Feynman diagrams responsible for internal W -emission cancel. Since this feature holds in the
charmless modes but not in the charmful ones, we advocate that the partial cancellation accounts
for the smallness of the tree-dominated charmless two-body baryonic B decays. This also explains
why most previous model calculations predicted too large rates as the above consideration was not
taken into account. Finally, we emphasize that, contrary to the claim in the literature, the internal
W -emission tree amplitude should be proportional to the Wilson coefficient c1 + c2 rather than
c1 − c2.
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I. INTRODUCTION
A unique feature of hadronic B decays is that the B meson is heavy enough to allow a
baryon-antibaryon pair production in the final state (for a review of baryonic B decays, see
[1, 2]). Naively, it is tempting to expect a large fraction of baryonic decays to proceed via
two-body decay channels due to the larger phase space available for them. However, it has
been found experimentally that decays of B mesons to just a baryon and an antibaryon are
rare and have smaller branching fractions than the three-body ones, for example, B(B0 →
pp¯)  B(B− → pp¯K−) and B(B− → Λp¯)  B(B0 → Λp¯pi+) [3]. The first two-body
baryonic B decay observed was B
0 → Λ+c p¯ [4]. Subsequently, B mesons decaying to two
charmed baryons, e.g. B+ → Ξ¯0cΛ+c , were observed with larger rates [5]. No charmless
two-body baryonic B decays have been observed at B factories and the upper limit has
been pushed to the 10−7 level [3]. For example, the most stringent limit on the two-body
charmless baryonic decay was set by Belle: B(B0 → pp¯) < 1.1 × 10−7 [6]. Very recently,
the LHCb collaboration has presented the first evidence of this mode with the branching
fraction (1.47+0.62+0.35−0.51−0.14)× 10−8 [7].
There exist several theoretical models for describing B decays into two baryons: the
pole model [8–10], the diquark model [11, 12] and the QCD sum rule analysis [13]. The
predictions of these models for some selected charmless baryonic B decays are listed in the
Table II of [9]. Evidently, many of the earlier model predictions are too large compared
with experiment. For example, the prediction of B(B0 → pp¯) ranges from 2.7 × 10−5 [11]
to 1.1 × 10−7 [9]. Hence, most of the previous theoretical predictions are not trustworthy.
Presumably a reliable prediction based on pQCD can be made as the energy release in
charmless two-body decay is very large, justifying the use of pQCD [9]. This approach has
been successfully applied to B
0 → Λ+c p¯ [14]. The pQCD calculation for charmless modes
such as pp¯ and Λp¯ has not yet been carried out.
Using the long awaited B
0 → pp¯ data from LHCb and considering the topological ap-
proach together with the chirality structure of weak interactions [15], one of us (C.K.C.)
was able to extract information on topological amplitudes, estimate the penguin to tree
amplitude ratio and predict the rates of all other low-lying octet and decuplet modes in the
heavy quark limit [16].
Even before the LHCb measurement of B
0 → pp¯, it has been argued that its branching
2
fraction is most likely of order 10−8 [1, 2]. This charmless decay is suppressed relative to
B¯0 → Λ+c p¯ by the Cabibbo-Kobayashi-Maskawa (CKM) matrix elements |Vub/Vcb|2 and is
subject to a possible dynamical suppression
B(B0 → pp¯) = B(B0 → Λ+c p¯)|Vub/Vcb|2 × fdyn
∼ 2× 10−7 × fdyn. (1)
A similar relation holds for charmful modes where the CKM angles for ΞcΛ¯c and Λcp¯ have
the same magnitudes except for a sign difference
B(B0 → Λ+c p¯) = B(B0 → Ξ+c Λ¯−c )× f ′dyn. (2)
Experimental measurements [3] indicate that the dynamical suppression effect f ′dyn is of
order 10−2. This suppression can be understood from the observation that no hard gluon
is needed to produce the energetic ΞcΛc pair in B decays, while two gluons are needed to
produce an energetic anti-proton in the decay B
0 → Λ+c p¯. Therefore, the latter process is
suppressed relative to the former due to a dynamical suppression f ′dyn ∼ O(α2s) ∼ 10−2 [17].
In the absence of dynamical suppression fdyn, the predicted branching fraction for two-body
charmless decays will be of order 10−7. If the dynamical suppression is of order 10−2 similar
to that of Λcp¯ relative to ΞcΛ¯c, then it will become of order 10
−9 and thus beyond the reach
even of super flavor factories. In reality, the branching fraction is most likely of order 10−8,
between the extreme cases of 10−7 and 10−9.
Since at least two hard gluons are needed in both B
0 → Λ+c p¯ and B0 → pp¯ decays, 1
one may wonder where is the underlying source for the dynamical suppression fdyn which is
presumably of order 10−1. In this work, we shall point out that for a given tree operator Oi,
the effect from its Fiertz transformed operator, a contribution often missed in the literature,
tends to cancel the amplitude induced from Oi. As a consequence, the smallness of tree-
dominated charmless two-body baryonic B decays follows from partial cancellation.
This work is organized as follows. The aforementioned argument for the smallness of
tree-dominated charmless two-body baryonic B decays is spelled out in details in Sec. II.
In particular we show explicitly that half of Feynman diagrams cancel. Implications of our
results are discussed in Sec. III. Sec. IV presents our conclusions.
1 Note that the center of mass momentum for pp¯, Λ+c p¯ and Ξ
0
cΛ¯
−
c final states is 2.467, 2.021 and 1.144 GeV,
respectively [3]. The energy released in the first two modes is much larger than the third one.
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II. TREE-DOMINATED TWO-BODY BARYONIC B DECAY
The effective weak Hamiltonian for charmless B decays is [18]
Heff =
Gf√
2
{ ∑
r=u,c
VqbV
∗
uq[c1O
r
1 + c2O
r
2]− VtbV ∗tq
10∑
i=3
ciOi
}
+ H.c., (3)
where q = d, s, and
Or1 = (r¯αbα)V−A(q¯βrβ)V−A, O
r
2 = (r¯βbα)V−A(q¯αrβ)V−A,
O3(5) = (q¯b)V−A
∑
q′
(q¯′q′)V∓A, O4(6) = (q¯αbβ)V−A
∑
q′
(q¯′βq
′
α)V∓A,
O7(9) =
3
2
(q¯b)V−A
∑
q′
eq′(q¯
′q′)V±A, O8(10) =
3
2
(q¯αbβ)V−A
∑
q′
eq′(q¯
′
βq
′
α)V±A, (4)
with O3−6 being the QCD penguin operators, O7−10 the electroweak penguin operators, and
(q¯′q)V±A ≡ q¯′γµ(1 ± γ5)q. The spin-flavor wave function of a left-handed (helicity= −12)
low-lying octet or decuplet baryon can be expressed as (see, for example, [19])
|B ; ↓〉 ∼ 1√
3
(|B ; ↓↑↓〉+ |B ; ↓↓↑〉+ |B ; ↑↓↓〉), (5)
i.e. composed of 13-, 12- and 23-symmetric terms, respectively. For B = ∆++,+, p, we have
|∆++; ↓↑↓〉 = u(1)u(2)u(3)| ↓↑↓〉,
|∆+; ↓↓↑〉 = 1√
3
[u(1)u(2)d(3) + u(1)d(2)u(3) + d(1)u(2)u(3)]| ↓↓↑〉,
|p ; ↓↓↑〉 =
d(1)u(2) + u(1)d(2)√
6
u(3)−
√
2
3
u(1)u(2)d(3)
 | ↓↓↑〉, (6)
for the corresponding |B ; ↓↑↓〉 parts, while the 12- and 23-symmetric parts can be obtained
by permutation.
The quark diagrams for two-body baryonic B decays involve the internal W -emission tree
diagram for b → c(u), the penguin loop diagram for b → s(d) transition, W -exchange for
the neutral B meson, and W -annihilation for the charged B. As for mesonic B decays, W -
exchange andW -annihilation are expected to be helicity suppressed which can be understood
in the same way as for leptonic decays. Therefore, the main contributions to two-body
baryonic B decay B → BB′ are due to either the internal W -emission diagram or the
penguin diagram.
Two internal W -emission diagrams induced by the tree operator O1 in the heavy quark
limit are exhibited in Fig. 1. Intuitively, it is expected that the second diagram will cancel
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FIG. 1: Tree diagrams in the asymptotic limit.
the first one. The argument goes as follows. After Fiertz reorder, the second diagram can
be brought into the first one except for three differences: switching the flavor and momenta
of uL and dL(sL) of the final state baryon, and also switching the color quantum numbers of
these two quarks in Fig. 1(a). Since the baryon wave function is symmetric in the flavor and
momenta of uL and dL(sL) (see Eqs. (5) and (6)) and antisymmetric in color indices, the
second amplitude [Fig. 1(b)] is opposite in sign to the first amplitude [Fig. 1(a)]. As we shall
see shortly below, the realistic process of charmless baryonic decays involves at least two
hard gluons. Although the QCD interaction is chiral- and color-conserving, adding gluons
will redistribute colors and momenta and change the Dirac structure. Therefore, we need
to explicitly check if the above feature still holds.
In charmless baryonic B decays, the three quarks of the energetic light baryon almost
share the same momentum fraction ∼ 1/3. Hence, at least two hard gluons are needed to
produce an energetic light baryon: one hard gluon to kick the spectator quark of the B
meson to make it energetic and the other to produce the hard qq¯ pair. In the Feynman
diagrams shown in Figs. 2 and 3, we add hard gluons explicitly. For simplicity, we only
show the diagrams for ∆S = 0 transition. Those for ∆S = −1 can be easily obtained by
changing the final state dL into sL.
We first consider the tree amplitudes generated by the Ou1 operator. The O
u
1 and the
Fiertz transformed O′u1 are given by
Ou1 = (u¯αbα)V−A(q¯βuβ)V−A, O
′u
1 = (q¯βbα)V−A(u¯αuβ)V−A, (7)
with q = d, s. Although O′u1 is identical to O
u
1 , we purposely denote it with a different
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FIG. 2: (a) to (l): Feynman diagrams of internal W -emission induced by Ou1 . Those in parenthesis
are the corresponding diagrams using the Fiertz transformed Ou1 (i.e. O
′u
1). These diagrams
canceled.
notation for the sake of the ensuing discussion. To proceed, we replace Ou1 by O
′u
1 in each
of the Feynman diagrams with a suitable replacement of color and flavor indices while keep
Dirac and momentum structures intact. Since O′u1 is equal to O
u
1 , the sum of all the diagrams
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FIG. 3: (a) to (l): Same as Fig. 2, but these diagrams do not cancel.
generated from O′u1 should be equal to the sum of all the diagrams generated from O
u
1 . In
other words, we have
〈BB′|Ou1 |B〉 = 〈BB′|O′u1 |B〉 =
1
2
(
〈BB′|Ou1 |B〉+ 〈BB′|O′u1 |B〉
)
(8)
for the tree amplitudes, and we will inspect the cancelation diagram by diagram through
the use of the above equation. Note that the counter diagram (the diagram obtained by
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TABLE I: Color factors for the diagrams in Figs. 2 and 3. Second and third columns are the color
factors for amplitudes generated through Ou1 and O
′u
1 , respectively.
Configuration AOu1 AO′u1 (AO
u
1
+ AO′u1 )/2
Fig. 2(a) 2/3 −2/3 0
Fig. 2(b) −16/3 16/3 0
Fig. 2(c) 6 −6 0
Fig. 2(d) −16/3 16/3 0
Fig. 2(e) −16/3 16/3 0
Fig. 2(f) −16/3 16/3 0
Fig. 2(g) 8/3 −8/3 0
Fig. 2(h) 8/3 −8/3 0
Fig. 2(i) 8/3 −8/3 0
Fig. 2(j) 8/3 −8/3 0
Fig. 2(k) 8/3 −8/3 0
Fig. 2(l) 0 0 0
Fig. 3(a) 2/3 −8/3 −1
Fig. 3(b) 8/3 −2/3 1
Fig. 3(c) −16/3 −8/3 −4
Fig. 3(d) 8/3 16/3 4
Fig. 3(e) 2/3 −8/3 −1
Fig. 3(f) 8/3 −2/3 1
FIg. 3(g) 6 0 3
Fig. 3(h) 0 −6 −3
Fig. 3(i) −16/3 −8/3 −4
Fig. 3(j) 16/3 8/3 4
Fig. 3(k) −16/3 −8/3 −4
Fig. 3(l) 8/3 16/3 4
replacing Ou1 by O
′u
1) switches uL and dL, sL and changes colors. Since the baryon wave
function is symmetric in uL and dL(sL), and the counter diagram has the same Dirac and
8
momentum structure as the original one, all we need to check is the change in color factors.
Note that Eq. (8) should be respected by all the model calculations.
In Table I we give explicitly the color factors for each diagram in Figs. 2 and 3. 2 For
Fig. 2, we have, for example,
2(b) : αβγ(T
i
ραT
i
δρ)(T
j
σδT
j
κγ)δλσδηβληκ = −
16
3
,
2(b)′ : αβγ(T iραT
i
δρ)(T
j
σδT
j
κγ)δησδλβληκ =
16
3
,
2(d) : αβγ(T
i
ραT
i
δρ)(T
j
λσT
j
κγ)δσδδηβληκ = −
16
3
,
2(d)′ : αβγ(T iραT
i
δρ)(T
j
λσT
j
κγ)δηδδσβληκ =
16
3
, (9)
where T ’s arise from the gluon vertices,  is from the baryon’s color structure, for example,
αβγ is from the baryon on the left and ληκ is from the baryon on the right, and the
Kronecker delta symbols reflect the color structure of Ou1 or O
′u
1 . Note that the difference
between 2(b) [2(d)] and 2(b)’ [2(d)’] is the order of the indices of the two Kronecker δ factors,
corresponding to the color structure of Ou1 and O
′u
1 , respectively. The values of these color
factors can be easily worked out using the identity
T iαβT
i
γδ =
1
2
(
δαδδγβ − 1
3
δαβδγδ
)
. (10)
It is easily seen that the color factor of Fig. 2(b)’ [2(d)’] is opposite to that of Fig. 2(b)
[2(d)]. We thus conclude that the amplitudes of Figs. 2(b)’ and 2(d)’ are opposite in sign
to that of Figs. 2(b) and 2(d), respectively. These diagrams cancel each other. This applies
to all the diagrams in Fig. 2 (see Table I).
There exist other diagrams related to those discussed so far by crossing two of the fermion
lines while keeping the same gluon line attached. For example, a new diagram can be
obtained from Fig. 2(d) by shifting the uL quark line in such a way that the quark line
order reads dL, uL and qR. The gluon conected to uL and qR is still there. The amplitudes
of the new diagrams are identical to the original ones, since crossing a fermion line gives a
minus sign, while changing the color indices gives another minus sign that compensates the
2 In the pQCD approach, Feynman diagrams for the decay B
0 → Λ+c p¯ are similar to those in Figs. 2 and
3 for B
0 → pp¯ except for a replacement of the c quark by the u quark. The relevant color factors have
been evaluated in [20]. Our results agree with them.
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sign changed. Since momentum changes are irrelevant as noted in passing, these diagrams
also cancel.
We next consider the diagrams in Fig. 3. As we shall see shortly, these figures do not
cancel each other. For example, the color factors of the following diagrams are given by
3(c) : αβγ(T
i
ραT
i
δσ)(T
j
λδT
j
κγ)δσρδηβληκ = −
16
3
,
3(c)′ : αβγ(T iραT
i
δσ)(T
j
λδT
j
κγ)δηρδσβληκ = −
8
3
,
3(e) : αβγ(T
i
ραT
i
λδ)(T
j
δσT
j
κγ)δδρδηβληκ =
2
3
,
3(e)′ : αβγ(T iραT
i
λδ)(T
j
δσT
j
κγ)δηρδσβληκ = −
8
3
, (11)
and
3(g) : αβγT
i
ραifijkT
k
λσT
j
κγδδρδηβληκ = αβγT
i
ρα(T
i
λδT
j
δσ − T jλδT iδσ)T jκγδδρδηβληκ
= 3(e)− 3(c) = 6,
3(g)′ : αβγT iραifijkT
k
λσT
j
κγδηρδσβληκ = 3(e)
′ − 3(c)′ = 0. (12)
It is clear that amplitudes in Figs. 3(c), 3(e) and 3(g) do not cancel with that of Figs. 3(c)’,
3(e)’ and 3(g)’, respectively. Hence, diagrams in Fig. 3 do not cancel each other (see Table
I). As the previous case, diagrams with crossing fermion lines but with the same gluon lines
attached are identical to the original ones.
Color factors for all possible hard gluon pairings are summarized in Table 1. We see that
12 configurations from Fig. 2 yield vanishing results when summing over the diagrams form
Ou1 and the counter parts from O
′u
1 , while 12 configurations from Fig. 3 survive and can be
grouped into 6 pairs, according to the order shown in the table, with opposite color factors
within the pairs. The Dirac structure of the amplitudes within the pairs can be related
through the Fiertz transformation
(γµPL)ij(γ
µPL)kl = −(γµPL)il(γµPL)kj, (13)
and the interchange of the momentum of uL and dL. Since the baryon wave function is
symmetric in momenta, the color factors are opposite and the above Fiertz transformation
gives an additional minus sign, the two amplitudes within the pairs are the same and add
together, giving non-vanishing results. We thus conclude that the cancellation is incomplete.
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To make the above conclusion in a more concrete manner, we write
〈BB′|Ou1 |B〉 =
∑
i
〈BB′|Ou1 |B〉i , (14)
where the superscript i refers to the diagrams Figs. 2(a), 2(b),· · ·, 3(a), 3(b),· · ·, 3(l) induced
from the operator Ou1 . Denoting the reduced matrix element of 〈BB′|Ou1 |B〉i with the color
factor being factored out by 〈〈O〉〉i and using the results from Table I, we obtain
〈BB′|Ou1 |B〉 =
2
3
〈〈O〉〉2(a) − 16
3
〈〈O〉〉2(b) + · · ·+ 8
3
〈〈O〉〉2(k)
+
2
3
〈〈O〉〉3(a) + 8
3
〈〈O〉〉3(b) + · · ·+ 8
3
〈〈O〉〉3(k),
〈BB′|O′u1 |B〉 = −
2
3
〈〈O〉〉2(a) + 16
3
〈〈O〉〉2(b) + · · · − 8
3
〈〈O〉〉2(k)
−8
3
〈〈O〉〉3(a) − 2
3
〈〈O〉〉3(b) + · · ·+ 16
3
〈〈O〉〉3(k). (15)
It follows from Eq. (8) that
〈BB′|Ou1 |B〉 = 〈BB′|O′u1 |B〉 = −
(
〈〈O〉〉3(a) − 〈〈O〉〉3(b)
)
− 4
(
〈〈O〉〉3(c) − 〈〈O〉〉3(d)
)
+ · · · − 4
(
〈〈O〉〉3(k) − 〈〈O〉〉3(l)
)
= −2〈〈O〉〉3(a) − 8〈〈O〉〉3(c) − 2〈〈O〉〉3(e)
+6〈〈O〉〉3(g) − 8〈〈O〉〉3(i) − 8〈〈O〉〉3(k), (16)
where use of Eq. (13) has been made for the last line. This shows the complete cancellation
from Fig. 2 but not so from Fig. 3.
III. DISCUSSIONS
Thus far we have focused on the tree operator Ou1 and its Fiertz transformed one O
′u
1 .
Considering the operator Ou2 and its Fiertz transformed one O
′u
2
Ou2 = (u¯βbα)V−A(q¯αuβ)V−A, O
′u
2 = (q¯αbα)V−A(u¯βuβ)V−A, (17)
it is easily seen that Ou2 (O
′u
2) is identical to O
′u
1 (O
u
1 ), but with qL and uL interchanged.
Since the baryon wave functions are symmetric under the above exchange (i.e. exchanging
dL(sL) with uL), we are led to
〈BB′|Ou2 |B〉 = 〈BB′|O′u2 |B〉 = 〈BB′|Ou1 |B〉 = 〈BB′|O′u1 |B〉. (18)
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As a consequence,
〈BB′|c1Ou1 + c2Ou2 |B〉 = (c1 + c2)
[
− 2〈〈O〉〉3(a) − 8〈〈O〉〉3(c) − 2〈〈O〉〉3(e)
+6〈〈O〉〉3(g) − 8〈〈O〉〉3(i) − 8〈〈O〉〉3(k)
]
. (19)
This shows that the tree amplitude of the baryonic B decay B → BB′ is proportional to the
Wilson coefficient c1 + c2.
In the literature, it is often argued that the tree amplitude is proportional to c1− c2 (see
e.g. [9, 11, 12, 21]), whereas our conclusion is the other way around. To clarify this point,
we write
c1O
u
1 + c2O
u
2 =
c1 − c2
2
(Ou1 −Ou2 ) +
c1 + c2
2
(Ou1 +O
u
2 ). (20)
It is easy to check that the first (second) term is antisymmetric (symmetric) in the color
indices of the initial (b, u) and final (uL and qL) states. Since the baryon-color wave function
is totally antisymmetric, it is tempting to claim that only the color-antitriplet operator
O1 − O2 contributes. While this argument holds for the diagrams in Figs. 1 and 2, as
one can see by using 〈BB′|c1Ou1 + c2Ou2 |B〉 = c1〈BB′|Ou1 |B〉 + c2〈BB′|O′u1 |B〉 together with
Eq. (15), it is no longer true for those diagrams in Fig. 3, where the color structure of
the amplitude is affected by the presence of gluon exchanges. Even for Figs. 1 and 2,
contributions from the Fiertz re-ordered operators O′u1 and O
′u
2 , which were missed in the
literature, should be taken into account. As a result of Eq. (18), the tree amplitude induced
by the operator O1 −O2 vanishes and this is consistent with our previous argument for the
vanishing tree amplitude of Fig. 1 .
To discuss the diagrams depicted in Figs. 2 and 3, it is more convenient to write
c1O
u
1 + c2O
u
2 =
c1 − c2
2
(O′u1 −Ou2 ) +
c1 + c2
2
(O′u1 +O
u
2 ). (21)
It is obvious that the first term is antisymmetric in qL and uL and, most importantly, this
feature holds irrespective of the QCD color interaction. Since the baryon wave function is
symmetric in qL(= dL, sL) and uL and (perturbative) QCD respects chirality and flavor,
this term does not contribute to the internal W -emission amplitudes. This reinforces our
conclusion that the tree amplitude is proportional to the Wilson coefficient combination
c1 + c2 rather than c1 − c2.
The above features apply to all (V −A)⊗(V −A) operators, namely Ou1,2, O3, O4, O9, O10,
in all B to charmless two-body baryonic decays with low-lying octet and/or decuplet final
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states. Therefore, c3, c4, c9, c10 appear in the penguin amplitudes also in the form of c3 + c4
and c9 + c10. Things are different in the case of O5, O6, O7, O8. Since their forms will be
changed after the Fiertz transformation, the above argument is not applicable. For example,
although we can also write
c5O5 + c6O6 =
c5 − c6
2
(O′5 −O6) +
c5 + c6
2
(O′5 +O6), (22)
the first (second) term is no longer antisymmetric (symmetric) in qL and uL and the previous
argument breaks down. The relative sign between c5 and c6 (c7 and c8) cannot be fixed by
the symmetry alone.
Note that the above-mentioned partial cancellation (i.e. cancellation from half of the
Feynman diagrams) occurs in the tree-dominated charmless mode BB′, but not in the charm-
ful states BcB and BcB′c. We thus advocate that the partial cancellation is responsible the
dynamical suppression fdyn of B
0 → pp¯ relative to B0 → Λcp¯ apart from the CKM suppres-
sion. Of course, this conjecture remains to be checked by realistic pQCD calculations.
Finally we would like to comment on the previous model calculations. The internal
W -emission amplitude for charmless two-body baryonic modes is often expressed as (c1 −
c2)〈BB′|Ou1 −Ou2 |B〉. When taking into account the contributions from the Fiertz re-ordered
operators O′u1 and O
′u
2 , the hadronic matrix element vanishes as one can see from Eq. (18). In
the pole model, the internal W -emission amplitude of, for example, B
0 → pp¯ is proportional
to (c1 − c2)〈p|Ou1 − Ou2 |Σ+b 〉 = 2(c1 − c2)〈p|Ou1 |Σ+b 〉 [9]. However, when the contribution
from O′u1 is included, it cancels the one from O
u
1 due to the fact that the proton wave
function is symmetric in the flavor and momenta of uL and dL but antisymmetric in color
indices. As stressed in passing, the internal W -emission amplitude should be of the form
(c1 + c2)〈BB′|Ou1 + Ou2 |B〉 and the pQCD approach will be the most reliable approach to
evaluate the relevant hadronic matrix elements.
IV. CONCLUSIONS
Charmless two-body baryonic B decays are very rare. The first mode observed recently
by LHCb was B
0 → pp¯ with a branching fraction of order 10−8. Tree-dominated charmless
baryonic decays such as B
0 → pp¯,ΛΛ¯ proceed mainly through the internal W -emission
diagram. All the earlier model predictions are too large compared with experiment. We
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point out that for a given tree operator Oi, the contribution from its Fiertz transformed
operator O′i, an effect missed in the literature, has to be taken into account. Feynman
diagrams responsible for internal W -emission can be classified into two categories. We
found that diagrams in the first category induced by Oi are completely canceled by that
from O′i, while no cancellation occurs for diagrams in the second category. The cancellation
is ascribed to the fact that the wave function of low-lying baryons are symmetric in momenta
and the quark flavor with the same chirality, but antisymmetric in color indices. We advocate
that the partial cancellation accounts for the smallness of the tree-dominated charmless two-
body baryonic B decays which can be checked by realistic pQCD calculations. A by product
of this work is that, contrary to the claim in the literature, the internal W -emission tree
amplitude should be proportional to the Wilson coefficient combination c1 + c2 rather than
c1 − c2.
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